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A turbocharger assembly has a housing (1) in which is 
formed a turbine volute inlet duct (4) having a butterfly 
valve (8) disposed therein and a bypass duct (6) which 
contains a swing valve (15), the valves being operable to 
control the flow of exhaust gas through each duct. A link 
member (30) is mounted for rotation about the pivot axis 
(21) of the swing valve (15) and has an opening in which an 
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actuating pin (20) engages with a tolerance fit so as to non- 
rotatably connect the swing valve (15) to the link plate (30). 
The link plate also has an elongated channel (34) along 
which an actuating pin (13) of the butterfly valve travels 
upon rotation of the link plate (30) about the pivot axis (21). 
The elongated channel has a first portion (34a) which 
extends along an arc centred on the axis of rotation (21) and 
a second portion (34b) which extends along an arc whose 
centre is offset from said axis (21). In this way, during a 
first range of movement of the link plate (30) the actuating 
pin (13) of the butterfly valve moves along the first portion 
(34a) and no operative movement of the valve (8) is 
effected, whilst during a second range of movement of the 
link plate (30), a camming action is applied to the actuating 
pin (13) causing it to rotate about the axis of the butterfly 
valve (8) and close it. The link plate (30) is thereby able to 
provide normal wastegate relief to the turbocharger during 
the first range of movement by operation of the swing valve 
only, and is also able to provide cold start bypass of the 
turbocharger in the second range of movement, during 
which the butterfly valve (8) is closed and the swing valve 
(15) fully opened so that all the exhaust gas bypasses the 
turbocharger and reaches the catalytic converter with 
minimum heat loss. Rapid light-off of the catalytic converter 
during cold start conditions is thereby ensured. 
EXEMPLARY CLAIMS- A turbocharger assembly comprising 
a turbine bypass duct (6) having a first valve (15) disposed 
therein, and a turbine feed duct (4) having a second valve 
(8) disposed therein,; the first (15) and second (8) valves 
are coupled to a link member (30), the first valve (15) being 
operatively attached to said link member (30) so as to be 
constrained for movement therewith throughout the full 
range of operative movement of the link member (30), and 
the second valve (8) having a lost motion coupling with the 
link member (30) so as to be constrained for movement 
therewith through only a part of the full range of operative 
movement of the link member (30), wherein upon 
movement of said link member (30) between a start position 
and an intermediate position, operative movement of the 
first valve (15) only is effected and upon movement of the 
link member between said intermediate position and an end 
position, operative movement of the first (15) and second 
(8) valves occurs.; A turbocharger assembly as claimed in 
claim 1, wherein an elongated channel (34) is formed in the 
link member in which an actuating member (13) of the 
second valve (8) engages in order to effect the lost motion 
coupling between the second valve (8) and the link member 
(30).; A turbocharger assembly as claimed in claim 2, 
wherein the channel (34) has a first portion (34a) along 
which the actuating member (13) of the second valve (8) 
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moves upon movement of the link member (30) between 
said start position and said intermediate position, and a 
second portion (34b) along which the actuating member 
(13) of the second valve (8) moves upon movement of the 
link member (30) between said intermediate position and 
said end position, said second portion (34b) being shaped to 
impart a camming action to the actuating member as it 
travels therealong .; A turbocharger assembly according to 
any of the preceding claims, wherein at least one of the first 
and second valves is an aerodynamically balanced valve. 
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(54) Turbocharger having by-pass valve operable to promote rapid catalytic converter light off. 



(57) A turbocharger assembly has a housing (1) in 
which is formed a turbine volute inlet duct (4) having a 
butterfly valve (8) disposed therein and a bypass duct 
(6) which contains a swing valve (15), the valves being 
operable to control the flow of exhaust gas through each 
duct. A link member (30) is mounted for rotation about 
the pivot axis (21) of the swing valve (15) and has an 
opening in which an actuating pin (20) engages with a 
tolerance fit so as to non-rotatably connect the swing 
valve (15) to the link plate (30). The link plate also has 
an elongated channel (34) along which an actuating pin 
(13) of the butterfly valve travels upon rotation of the link 
plate (30) about the pivot axis (21 ). The elongated chan- 
nel has a first portion (34a) which extends along an arc 
centred on the axis of rotation (21 ) and a second portion 
(34b) which extends along an arc whose centre is offset 
from said axis (21). In this way, during a first range of 



movement of the link plate (30) the actuating pin (13) of 
the butterfly valve moves along the first portion (34a) 
and no operative movement of the valve (8) is effected, 
whilst during a second range of movement of the link 
plate (30), a camming action is applied to the actuating 
pin (1 3) causing it to rotate about the axis of the butterfly 
valve (8) and close it. The link plate (30) is thereby able 
to provide normal wastegate relief to the turbocharger 
during the first range of movement by operation of the 
swing valve only, and is also able to provide cold start 
bypass of the turbocharger in the second range of move- 
ment, during which the butterfly valve (8) is closed and 
the swing valve (1 5) fully opened so that ail the exhaust 
gas bypasses the turbocharger and reaches the cata- 
lytic converter with minimum heat loss. Rapid light-off of 
the catalytic converter during cold start conditions is 
thereby ensured. 
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Description 

[0001] The present invention relates to turbochargers 
having valves operable to cause the exhaust gases to 
by-pass the turbocharger. 

[0002] It is known in the field of internal combustion 
engines that catalytic converters, which are extensively 
used in the automobile industry to reduce engine emis- 
sions, operate with significantly reduced efficiency dur- 
ing cold start and engine warm-up conditions, resulting 
in higher than normal exhaust emissions during these 
periods. It is therefore recognised that thermal inertia 
within the exhaust system of such an engine should be 
kept to a minimum during cold start conditions in order 
to maximise the heat delivered to the catalytic converter 
from the engine, thereby promoting light off of the cata- 
lyst and so minimising the time during which emissions 
are at an unacceptable level. 

[0003] Turbochargers are now commonly used to in- 
crease the power delivered by an engine by utilising the 
waste energy of the exhaust gases to power a turbine 
which compresses the intake air delivered to the com- 
bustion chamber. However, the provision of a turbo- 
charger in the exhaust system of the engine imposes 
extra thermal inertia on the system, which delays cata- 
lytic converter light off in such engines and so increasing 
the time during which engine emissions exceed an ac- 
ceptable level. In order to overcome this problem, tur- 
bochargers have been developed which have two sep- 
arate ducts at the turbine inlet flange, one duct directing 
the exhaust gas to the turbine volute and the other pro- 
viding a bypass for the turbine volute. A valve is provided 
in each duct to control the flow of exhaust gases there- 
through. During normal engine operating conditions, the 
valve in the turbine volute duct is fully open, allowing 
exhaust gas to power the turbocharger, whilst the valve 
in the bypass duct operates to vary the through-flow in 
the bypass duct so as to provide standard wastegate 
control of the pressure in the turbine volute in order to 
prevent over-pressuring. During cold start conditions, 
however, the turbine volute valve is closed and the by- 
pass valve opened so that the exhaust gases bypass 
the turbine and are instead directed to the catalytic con- 
verter with minimum heat loss, thereby promoting rapid 
light-off of the catalyst. Conventional such systems have 
the problem, however, that they require two separate ac- 
tuators, one for each valve, due to the different range 
and sequence of movement required for each valve, and 
this increases the complexity and hence cost of the tur- 
bocharger system as well as increasing its overall size. 
[0004] There is hence a need for a turbocharger which 
includes a system to enable exhaust gases to bypass 
the turbine during cold start conditions and instead to 
be fed to the catalyst with minimal heat loss so as to 
promote catalytic converter light-off, whilst being of re- 
duced size and complexity as compared with existing 
turbochargers. 

[0005] According to the present invention, there is 



provided a turbocharger assembly comprising a turbine 
bypass duct having a first valve disposed therein, and 
a turbine feed duct having a second valve disposed 
therein, characterised in that the first and second valves 
5 are coupled to a link member, the first valve being op- 
eratively attached to said link member so as to be con- 
strained for movement therewith throughout the full 
range of operative movement of the link member, and 
the second valve having a lost motion coupling with the 
link member so as to be constrained for movement 
therewith through only a part of the full range of opera- 
tive movement of the link member , wherein upon move- 
ment of said link member between a start position and 
an intermediate position, operative movement of the first 
valve only is effected and upon movement of the link 
member between said intermediate position and an end 
position, operative movement of the first and second 
valves occurs. 

[0006] A turbocharger assembly in accordance with 
the invention has the advantage that it requires just a 
single actuator to control the valves in the turbine feed 
and turbine bypass ducts so as to provide wastegate 
operation during normal operating conditions of the tur- 
bocharger in order to prevent over-pressuring, as well 
as exhaust gas bypass of the turbine during cold start 
conditions in order to promote rapid catalytic converter 
light-off using, thereby reducing cost. It also has the ad- 
vantage that the system is much more compact since 
space is required for just a single actuator. 
[0007] In a preferred embodiment of the invention, the 
lost motion coupling between the second valve and the 
link member is effected by means of an elongated chan- 
nel formed in the link member in which an actuating pin 
of the second valve engages. During movement of the 
link member between its start position and the interme- 
diate position, the actuating pin of the second valve trav- 
els along the channel without moving relative to the tur- 
bine volute inlet duct, and upon movement of the link 
member from its intermediate position to its end posi- 
tion, the actuating pin moves with the link member 
through engagement with a surface of the channel, mov- 
ing the actuating pin relative to the turbine volute inlet 
duct and hence closing the second valve. 
[0008] The elongated channel is advantageously 
formed with two distinct sections, a first section along 
which the actuating pin of the second valve moves upon 
movement of the link member between the start position 
and the intermediate position, and a second section 
which imparts a camming action to the actuating mem- 
ber of the second valve as it moves therealong upon 
movement of the link member between said intermedi- 
ate position and the end position. By suitable choice of 
the shape of the first and second sections, not only can 
movement of the second valve be eliminated during 
movement of the link member between said start posi- 
tion and said intermediate position, but also the speed 
and sensitivity of the movement of the second valve dur- 
ing movement of the link member between said inter- 
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mediate and end positions can also be controlled. 
[0009] In one embodiment of the invention, the link 
member is mounted for pivotal movement in the turbo- 
charger assembly and the second valve is a rotary 
valve. The elongated channel is then formed such that 
the first section subtends an arc centred on the axis of 
rotation of the link member and the second section sub- 
tends an arc centred on a point offset from the axis of 
rotation of the link member, the offset of the centre of 
the arc of the second section from the axis of rotation of 
the link member and the radius of curvature of the sec- 
ond arc being used to vary the sensitivity of the second 
valve to the movement of the link member and hence 
the range of angular movement of the link member. It is 
particularly advantageous if the second valve takes the 
form of a butterfly valve having an actuating pin offset 
from the axis of rotation of the valve such that movement 
of the actuating member about the axis of the valve ef- 
fects operative movement of the valve between an open 
and a closed position. Since butterfly valves are essen- 
tially balanced devices, they only required a relatively 
small amount of torque for full range movement and 
power consumption for operation of the turbocharger 
assembly is therefore reduced. The link member may 
alternatively be mounted for translational movement. 
[0010] Preferably the valves are aerodynamicaliy bal- 
anced, that is the gas forces developed on the valves 
are balanced, for example are disposed equally on ei- 
ther side of the pivot axis in a rotary valve or do not have 
a resultant component in the slide direction in the case 
of slide valves. In this way, the forces required to operate 
the valves are kept small and, more importantly, rela- 
tively constant during operation, which has the advan- 
tage of reducing the power requirements of an actuator 
utilised to operate the link member. 
[0011] The first and second valves are preferably re- 
alised as rotary valves whose axes are parallel to each 
other, the first valve being a swing valve and the second 
valve a butterfly valve. However, other valves such as 
barrel valves, ball valves, slide valves, as well as differ- 
ent combinations thereof, are also possible within the 
scope of the invention, it merely being necessary that 
the elongated channel be configured so that no move- 
ment of the second valve occurs during the first range 
of movement of the link member whether it be config- 
ured for translational or rotational motion, and the ap- 
propriate camming action is applied to the actuating 
member of the second valve to effect operative move- 
ment of the second valve between its open and closed 
positions during the second range of movement of the 
link member. 

[0012] In the preferred embodiment, the first valve is 
a swing valve having a pivot axis about which the link 
member is mounted for rotation. The swing valve can 
then be coupled to the movement of the link member 
very easily by means of an actuating pin attached to the 
swing valve in a position offset from the pivot axis which 
engages in a complementary shaped opening in the link 
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member. This has the advantage of simplifying the de- 
sign of the link member. Alternatively, the axis of the ro- 
tation of the link member may be offset from that of the 
swing valve, in which case the link member has a sec- 
5 ond elongated channel in which the actuating pin of the 
first valve engages. Furthermore, by appropriate shap- 
ing of the second elongated channel, the link member 
may be mounted for rotational movement and the first 
valve may be a slide valve, or the first valve may be a 
rotary valve and the link member mounted for translation 
movement. 

[001 3] Preferably, when the link member is in the start 
position the first valve is closed and the second valve is 
open. In this way, all exhaust gas from the engine is di- 
rected through the turbine in order to maximise the boost 
pressure of the turbocharger. In the second position the 
second valve remains fully open and the first valve is 
partially open so as to allow a portion of the exhaust gas 
to bypass the turbine. During conditions when the cata- 
lytic converter is at its normal operating temperature, the 
link member will then move from the start position to- 
wards the intermediate positions as the engine speed 
increases and vice versa so as to prevent over pressur- 
ing in the turbocharger. In the end position of the link 
member, the first valve is at its extreme open position 
whilst the second valve is closed so that all the exhaust 
gas bypasses the turbine and instead passes directly 
into the exhaust system and to the catalytic converter. 
In this way, during cold start conditions the exhaust gas 
reaches the catalytic converter with minimal heat loss, 
thereby ensuring that the catalyst reaches it operating 
temperature in the shortest possible time. 
[0014] Preferably, when the second valve is in its 
closed position, a small amount of leakage of exhaust 
gas past the second valve to the turbine volute still takes 
occurs. This may be achieved by the second valve not 
being in a fully closed position when the link member is 
at its end position or by designing the valve plate of the 
second valve to permit a small amount of leakage, such 
by including through openings therein or by making the 
plate slightly smaller than the cross-sectional dimen- 
sions of the turbine volute inlet duct in which it is located. 
For example, the valve may be a barrel valve having a 
main through opening which is aligned with the axis of 
the turbine volute duct when the valve is open to allow 
gas to pass therethrough as well as a through-opening 
at right angles thereto which is aligned with the axis if 
the duct when the valve is closed so as to allow a con- 
trolled degree leakage of gas to the turbine. In this way, 
the turbine will continue to spin, albeit slowly, even when 
the link member is in its end position, this having the 
advantage that it helps to prevent turbine seal oil leak- 
age which is known to occur when a pressurised oil sup- 
ply feeds a non-rotating turbocharger within a vibrating 
environment and which increases exhaust emissions. It 
also has the advantage that it helps to prevent bearing 
damage which can occur in a turbocharger which is con- 
strained from rotation after repeated cyclic vibration. 
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The rate of leakage can also be set as required, for ex- 
ample by varying the size of the hole, to set the desired 
"tickover" for the turbine. 

[0015] In order that the invention may be well under- 
stood, there will now be described some embodiments 
thereof, given by way of example, reference being made 
to the accompanying drawings, in which: 

Figure 1 is an end view of a housing of a turbocharg- 

er according to the invention; 

Figure 2 is a bottom view of the inlet flange of the 

turbocharger housing of Figure 1 showing separate 

turbine inlet and turbine bypass ports; 

Figure 3 is a sectional side view of Figure 1 showing 

the positions of first and second valves disposed in 

the turbocharger; 

Figure 4 is a schematic side view of part in a turbine 
feed duct of the turbocharger having a butterfly dis- 
posed therein; 

Figure 5 is an end view of the butterfly valve of Fig- 
ure 4; 

Figure 6 is a top view of a link plate of the invention; 
Figure 7 is a schematic top view of the link member 
of Figure 6 in a first position in which said first valve 
is closed and the second valve is fully open; 
Figure 8 is a top view of the link member in a second 
position in which the first valve is partially open and 
the second valve is fully open; 
Figure 9 is a top view of the link member in a third 
position in which the first valve is in an extra open 
position and the second valve is fully closed. 
Figure 10 is a sectioned side view of a barrel valve 
which may be used in place of the butterfly valve of 
Figures 4 and 5; and 

Figure 11 is a sectioned end view of the valve of 
Figure 10. 

[0016] Referring first to Figure 1, there is shown an 
end view of a turbocharger housing 1 having a turbine 
inlet flange 2 which, in use, is connected to an exhaust 
manifold casing of an internal combustion engine (not 
shown). The turbine inlet flange 2 is provided with a two 
inlet ports - a turbine volute inlet port 3 which represents 
the entrance to a turbine volute inlet duct 4 by means of 
which exhaust gases may be fed to the turbine (not 
shown) of the turbocharger, and a turbine bypass port 
5 which represents the entrance to a combined waste- 
gate and bypass warm-up duct 6 by means of which the 
exhaust gases may bypass the turbine and instead be 
delivered directly into the exhaust system (not shown) 
so as to prevent over pressuring in the turbocharger or 
to ensure that the exhaust gases reach a catalytic con- 
verter (not shown) with minimum heat loss as discussed 
below. 

[0017] Disposed in the turbine volute duct 4 between 
the inlet port 3 and the turbine is a butterfly valve as- 
sembly 8 illustrated in detail in Figures 4 and 5. The but- 
terfly valve 8 has a valve plate 9 of complementary 
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shape and size to the internal cross section of the volute 
duct 4 in which it is mounted. The valve plate 9 is mount- 
ed in the duct for pivotal movement about its centre line 
10 between a first position, shown in phantom in Figure 
5 4, in which the plane of the plate 9 is aligned with the 
axis of the duct 4 so as to allow passage of exhaust gas- 
es to the turbine, and a second position, shown in Figure 
5, in which the plane of the plate 9 is perpendicular to 
the axis of the duct 4 so as substantially to close the 
duct 4 to the passage of exhaust gases. Stops (not 
shown) may be provided, either internally or externally 
of the duct 4, to limit the range of movement of the valve 
plate 9. 

[0018] The butterfly valve assembly 8 also has an ac- 
tuating shaft 11 which extends from the valve plate 9 
along the centre line 10 and non-rotatably attached to 
the end of which is a rotator arm 12. The rotator arm 12 
extends radially from the shaft 11 and provides a lever 
arm by means of which the valve plate 9 may be rotated 
between its open and closed positions. On the end of 
the rotator arm 12 remote from the shaft 11 is an actu- 
ating pin 1 3 which extends at right angles to the arm 1 2 
parallel to the shaft 11 and away from the valve plate 9, 
and on which is carried is carried a roller 14 which acts 
as a cam follower as described below. The butterfly 
valve assembly 8 may be fabricated as a unitary casting, 
or may alternatively be made from a nimonic or inconel 
disc, preferably fine blanked, which is welded to a sep- 
arate arm. A piston seal ring 14 may also be provided 
around the shaft 11 in order to reduce leakage of ex- 
haust gas from the turbine volute duct 4 to atmosphere. 
It is also advantageous for the height of the butterfly 
valve centre line above the inlet flange surface to be kept 
as short as possible to facilitate assembly of the turbo- 
charger system. 

[0019] The turbine volute bypass duct 6 similarly in- 
cludes a valve which, in the illustrated embodiment, 
takes in the form of a swing valve assembly for control- 
ling the flow of exhaust gases therethrough. The swing 
valve assembly 15, which is of conventional design, 
comprises a rotator arm 16 mounted at one end 17 for 
pivotal movement about an axis 21 which is parallel to 
the centre line 10 of the butterfly valve 8. On the other 
end 18 of the rotator arm 16 is carried a valve plate 19 
of complementary shape and size to the cross-section 
of the portion of the by-pass duct 6 in which it is mount- 
ed. The swing valve 15 also includes an actuating pin 
20 (see Figures 7 to 9) which extends perpendicularly 
from the rotation arm proximate to the valve plate 19 
and by means of which operative movement of the valve 
plate 19 between a closed position (shown in Figure 7) 
and an open position (shown in Figure 9) may be effect- 
ed. 

[0020] Actuation of the butterfly valve 8 and the swing 
valve 15 is effected through movement of a link plate 
30, shown in Figures 5, which is configured for rotation 
about an axis 31 which is aligned with the pivot axis 21 
of the swing valve assembly 1 5. In the illustrated em- 
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bodiment, the link plate has a circular opening 32 by 
means of which it may be mounted on a pivot shaft (not 
shown) of the swing valve assembly but the skilled read- 
er will understand that other mounting systems are also 
possible. Formed in the link plate 30 offset from the cir- 
cular opening 32 is a first recess 33, which in the illus- 
trated embodiment takes the form of a hole, for receiving 
the actuating pin 20 of the swing valve assembly 15 so 
as to non-rotatably couple the link plate 30 to the rotator 
arm 1 6 throughout the full range of movement of the link 
plate 30. 

[0021 ] The link plate 30 also includes a second recess 
in the form of an elongated channel 34 in which is re- 
ceived the roller 1 4 of the actuating pin 1 3 of the butterfly 
valve assembly as shown in Figures 7 to 9. The channel 
34 has two distinct sections as shown in Figure 6 - a first 
section 34a which defines an arc centred on the axis of 
rotation 31 of the link plate 30, and a second section 33b 
which extends along an arc whose centre is offset from 
the axis 31 of the link plate 30, so that as the roller 14 
moves along the first section 34a, no motion is imparted 
to the plate 9 of the butterfly valve 8 but as it moves 
along the second section 34b, a camming action occurs 
which causes the pin 14 to rotate about the centre line 
10 of the valve 8, closing the valve 8. 
[0022] The butterfly and swing valves 8, 1 5 operate as 
follows: 

During normal engine operating conditions in which the 
catalytic converter is at operating temperature, the link 
plate 30 moves between a first position shown in Figure 
7 and a second position shown in Figure 8. In the first 
position, which represents the operating position of the 
link plate 30 when the engine is operating at a low or 
intermediate speed, the butterfly valve 8 is fully open 
and the swing valve 15, which operates as a wastegate 
valve, is fully closed. This results in all the exhaust gas 
leaving the exhaust manifold being directed to pass 
through the turbine of the turbocharger and hence en- 
sures maximum boost from the turbocharger. 
[0023] As the engine speed increases, so to does the 
speed of the exhaust gases entering the turbocharger 
inlet manifold, resulting in an increase in the boost pres- 
sure of the turbocharger. When the boost produced by 
the turbocharger which can be measured by monitoring 
of the engine speed, the pressure of the exhaust gas in 
the turbine inlet duct 4, the pressure of the air delivered 
to the combustion chamber, etc. reaches a predefined 
level, the swing valve 15 is progressively opened to an 
intermediate position shown in phantom in Figure 8, by 
pivoting the link plate 30 about its pivot axis 31, using a 
suitable actuator (not shown), from its first position (fig- 
ure 7) to its second position (Figure 8). Throughout this 
range of movement, the butterfly valve 8 remains fully 
open due to the profile of the first section 34a of the elon- 
gated channel 34 along which the roller 14 travels. In 
this way, a portion of the exhaust gas entering the tur- 
bocharger housing is able to bypass the turbine, thereby 
limiting the maximum boost delivered by the turbocharg- 



er so as to prevent over-pressuring of the air delivered 
to the combustion chamber of the engine. In this way, 
provides standard wastegate functions for the turbo- 
charger can be effected. 
5 [0024] On cold start conditions in the engine, i.e. when 
the catalytic converter is below its normal operating tem- 
perature, the link plate 30 is moved by the actuator be- 
yond the second position shown in Figure 8 to a third 
position shown in Figure 9. As the link plate 30 pivots 

10 about the axis 21 beyond the second position, the swing 
valve moves from its partially open position (shown in 
phantom in Figure 8) to an extreme open position 
(shown in phantom in Figure 9). At the same time, roller 
14 of the butterfly valve assembly 8 enters the second 

is section 34b of the elongated channel 34, and as it trav- 
els therealong, the camming action which arises due to 
the centre of curvature of the arcuate second section 
34b being offset from the pivotal axis 31 of the link plate 
30 causing the actuating pin 13 to rotate about the axis 

20 10 of the butterfly valve assembly 8, thereby closing the 
butterfly valve. In this way, the exhaust gas is prevented 
from reaching the turbine and is instead directed along 
the bypass duct 6 and fed to the catalytic converter with 
minimum heat loss. This promotes rapid catalytic con- 

25 verter light-off and minimises the period during which 
exhaust emission exceed acceptable levels. 
[0025] It will, of course, be understood that the cam 
profile of the second section 34b of the elongated chan- 
nel 34 can be varied to offer an almost infinite combina- 

30 tion of actuator stroke length and relative valve position. 
The length of the arcs subtended by the sections of the 
elongated channel 34 may also be extended from those 
illustrated in Figures 6 to 9 in order to accommodate 
component and assembly build tolerance stack up. 

35 [0026] Since a butterfly valve is essentially a balanced 
device, the actuator power required to effect operative 
movement of the link plate 30 is similar to that required 
for operation of the wastegate of a conventional turbo- 
charger of similar size. The actuator is advantageously 

40 electrically powered since it can then be integrated with 
and controlled by a computerised engine management 
system.. However, it will be understood that other types 
of actuator are also possible. For example, a pneumatic 
actuator might be advantageous in a vehicle which al- 

45 ready has a vacuum pump installed for powering a 
steering or braking assistance system. 
[0027] In a variation to the illustrated embodiment, in- 
stead of being fixed to the rotator arm 1 2 of the butterfly 
valve assembly 8, the actuating pin 1 3 may be mounted 

so for sliding movement along the rotator arm 12. In this 
way, the first 34a and second 34b sections of the elon- 
gated slot 34 in the link plate 30 may be straight instead 
of arcuate, movement of the actuating pin 13 along the 
rotator arm 12 providing a further lost motion coupling 

55 in the parallel to the plane of the valve plate 9 of the 
butterfly valve assembly 8. As a result, the required piv- 
otal movement of valve plate 9 about its centre line 10 
can still be produced through pivotal movement of the 
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link plate 30 about the axis 21. 
[0028] The butterfly and swing valves in the above de- 
scribed embodiment may also be replaced by other 
types and combinations of valves. For example, both the 
turbine volute inlet duct 4 and the turbine bypass duct 6 
could include the same type of valve which might be a 
butterfly valve, a swing valve or some other type of ro- 
tating valve such as a ball valve or a barrel valve (40) 
as shown in Figures 9 and 10. 
[0029] The barrel valve 40 operates in a similar fash- 
ion to the butterfly valve 8 but the valve plate 9 is re- 
placed by a valve barrel 41 which is mounted in the duct 
4 for rotation about the axis 42 and which has a through- 
opening 43 extending at right angle to the axis 42. 
Through the rotation arm 44 and activation pin 45, the 
valve barrel 41 may be rotated about the axis 42 be- 
tween an open portion in which the longitudinal axis 46 
of the through-opening 43 is aligned with the axis of the 
inlet 4 and a closed portion in which the longitudinal axis 
46 of the through opening is perpendicular to the axis of 
the inlet. The through-opening 43 is advantageously 
shaped, for example tapered, to complement the shape 
(taper) of the duct 4 in order to avoid undesirable aero- 
dynamic forces arising. Preferably the valve barrel 41 
also includes a second through opening 48 which is of 
much smaller dimension than the main opening 43 and 
is perpendicular to both the main through opening 48 
and the axis 42 of the valve so as to be aligned with the 
axis of the duct 4 when the valve is closed. A small 
amount of exhaust gas is thereby able to pass the valve 
and reach the turbine even when it is closed so as to 
keep the turbine slowly spinning during warmup condi- 
tions. It will of course be understood that other ways may 
be utilised to allow a small leakage of exhaust gas past 
the "closed" turbine volute valve to the turbine both with 
the barrel valve arrangement and in embodiments which 
use other valve. 

[0030] In another embodiment which is not illustrated, 
the valves are replaced by non-rotating valves such as 
slide valves. This may be achieved using a link plate 
which is mounted for pivotal movement and which has 
channels provided therein whose cam profiles are cho- 
sen to translate the pivotal movement of the link member 
to translational sliding movement of the valves plates as 
the link plate moves between its first, second and third 
positions. Alternatively, the link plate may be mounted 
for translational movement in the direction of operation 
of the slide valves instead of rotational movement. The 
slide valve in the bypass duct is then constrained to 
move with the link plate through the full range of move- 
ment thereof by means of an actuating pin on the slide 
valve which engages in a hole in the link plate. The slide 
valve in the turbine volute inlet duct similarly has an ac- 
tuating pin which engages in an elongated slot extend- 
ing in the direction of operative movement of the link 
plate. As the link plate moves from between a first po- 
sition and a second position, the valve in the bypass duct 
moves with it from a closed position to a partially open 
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position whilst the valve in the turbine volute inlet duct 
remains closed as the actuating pin moves back and 
forth between the ends of the elongated channel. If the 
link plate is moved beyond the second position to a third 

5 position, the actuating pin of the slide valve in the turbine 
volute inlet duct is engaged by an end of the elongated 
channel and moved in the direction of operation of the 
link plate, causing the valve to close. At the same time, 
the valve in the bypass duct continues to move with the 

10 link plate to an extreme open position. It will therefore 
be understood that the same modes of operation can 
be achieved as described above in relation Figures 7 to 
9. Suitable biasing means such as a spring or the link 
may, though, be required in the valve in the turbine vo- 

15 lute inlet duct in order to ensure that the valve returns 
to its fully open position when the link plate is moved 
back from the third position to the second position. 



20 Claims 

1. A turbocharger assembly comprising a turbine by- 
pass duct (6) having a first valve (15) disposed 
therein, and a turbine feed duct (4) having a second 

25 valve (8) disposed therein, characterised in that 
the first (15) and second (8) valves are coupled to 
a link member (30), the first valve (15) being oper- 
atively attached to said link member (30) so as to 
be constrained for movement therewith throughout 

30 the full range of operative movement of the link 
member (30), and the second valve (8) having a lost 
motion coupling with the link member (30) so as to 
be constrained for movement therewith through on- 
ly a part of the full range of operative movement of 

35 the link member (30), wherein upon movement of 
said link member (30) between a start position and 
an intermediate position, operative movement of 
the first valve (15) only is effected and upon move- 
ment of the link member between said intermediate 

40 position and an end position, operative movement 
of the first (15) and second (8) valves occurs. 

2. A turbocharger assembly as claimed in claim 1, 
wherein an elongated channel (34) is formed in the 

45 link member in which an actuating member (13) of 
the second valve (8) engages in order to effect the 
lost motion coupling between the second valve (8) 
and the link member (30). 

50 3. A turbocharger assembly as claimed in claim 2, 
wherein the channel (34) has a first portion (34a) 
along which the actuating member (1 3) of the sec- 
ond valve (8) moves upon movement of the link 
member (30) between said start position and said 

55 intermediate position, and a second portion (34b) 
along which the actuating member (1 3) of the sec- 
ond valve (8) moves upon movement of the link 
member (30) between said intermediate position 
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and said end position, said second portion (34b) be- 
ing shaped to impart a camming action to the actu- 
ating member as it travels therealong . 

4. A turbocharger assembly according to any of the 
preceding claims, wherein at least one of the first 
and second valves is an aerodynamically balanced 
valve. 

5. A turbocharger assembly as claimed in claim 3 or 
claim 4, wherein the link member (30) is mounted 
for rotational movement. 

6. A turbocharger assembly as claimed in claim 5, 
wherein said second valve is a rotary valve (8) hav- 
ing a rotator arm (12) on which is carried the actu- 
ating member (13) offset from the axis of rotation of 
the valve (8), the first portion (34a) of the elongated 
channel (34) subtends an arc centred on the axis of 
rotation (31) of the link member (30), and the sec- 
ond portion (34b) subtends an arc centred on a 
point which is offset from the axis of rotation (31 ) of 
the link member (30). 

7. A turbocharger assembly as claimed in claim 6, 
wherein the second valve is a butterfly valve. 

8. A turbocharger assembly as claimed in any of 
claims 5 to 7, wherein the first valve is a rotary valve 
(15) having an actuating member (20) which engag- 
es in an opening (33) in the link member (30) such 
that movement of the first valve (15) is coupled to 
movement of the link member (30). 

9. A turbocharger assembly as claimed in claim 8, 
wherein the axis of the first valve is parallel to the 
axis of the second valve. 

10. A turbocharger assembly as claimed in claim 8 or 
claim 9, wherein the first valve (15) is a swing valve 
whose axis of rotation (21) is aligned with the axis 
of rotation (31 ) of the link member (30) 

11. A turbocharger assembly as claimed in claim 10, 
wherein the link member (30) and the swing valve 
(15) are mounted for rotation on a common shaft. 

12. A turbocharger assembly as claimed in any of the 
preceding claims, wherein in the start position of the 
link member the first valve is closed and the second 
valve is fully open, upon movement of the link mem- 
ber between said start position and said intermedi- 
ate position the first valve moves between a closed 
position and a partially open position whilst the sec- 
ond valve remains open, thereby providing waste- 
gate pressure relief to the turbocharger, and upon 
movement of the link member between said inter- 
mediate position and said end position, the first 



12 

valve moves between said partially open position 
and an extreme open position whilst the second 
valve moves between and open position and a 
closed position. 

5 

13. A turbocharger assembly according to claim 12, 
wherein the second valve is configured such that in 
its closed position gas leaks past said valve, where- 
by, in use, the turbine of the turbocharger is caused 
10 to spin at all times when the engine is running. 
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